AIV is in the family Orthomyxoviridae. Viruses from this family are known to infect a wide range of vertebrates. At present, 18 antigenically different hemagglutinin (HA or H) and 11 antigenically different neuraminidase (NA or N) subtypes have been recognized for Influenza A virus. 15 Among them, H17N10 and H18N11 subtypes have only been identified in bats and have not been reported in birds. Many species of birds, including chickens, turkeys, and various wild birds, are susceptible to infection with AIV, although wild birds are considered as the natural reservoir for all 16 HA and 9 NA subtypes of AIV (http://goo.gl/2GnNhH).
AIVs can be classified as low pathogenic AIV (LPAIV) or HPAIV. The World Organization for Animal Health (OIE) has established molecular criteria for the identification of HPAIV based on HA protein sequences (http://goo.gl/qssVJG). In poultry, the presence of multiple basic amino acids located at the endoproteolytic cleavage site for HA is the molecular marker of HPAIV. 5, 6, 12 Of the 16 HA subtypes, to date, only H5 and H7 viruses have been associated with naturally occurring HPAI in poultry (chickens and turkeys). Even so, the vast majority of H5 and H7 AIVs are LPAIV, and only a small proportion of H5 and H7 AIVs are HPAIV. 2, 15 Clinical signs of HPAIV include torticollis, ruffled feathers, loss of appetite, depression, respiratory signs (nasal discharge, coughing, sneezing), decreased egg production, misshapen eggs, and high mortality. 3 Gross and microscopic lesions can vary as a result of susceptibility and duration of infection prior to death. 14 Common gross findings include sinusitis, subcutaneous hemorrhages, swelling of the head, cyanosis of the combs and wattles, multifocal subcutaneous hock hemorrhage and petechiae, and fibrinous peritonitis. 3, 13 Microscopic lesions vary in severity and location but commonly consist of necrosis, hemorrhage, and/or inflammation within multiple visceral organs, especially the heart, brain, pancreas, and skin. 14 We describe 2 cases of H5N2 infection in layers in Iowa and describe gross and microscopic lesions and viral antigen distribution in infected birds along with other laboratory findings. The first farm was located in Kossuth County in northwest Iowa (A/Chicken/Iowa/21981/2015 [ISU-VDL2015021981]), and the second farm was located ~225 km (140 miles) away in Madison County in central Iowa (A/Chicken/Iowa/14399-4/2015 [ISUVDL2015022716]). Both farms reported a rapid increase in mortality that resulted in the submission of 5 and 10 dead birds, respectively, to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL; Ames, Iowa).
External examination consistently revealed marked, diffuse edema and multifocal-to-extensive hemorrhage of the comb, as well as accumulation of mucus in the oropharynx ( Fig. 1A ) and proximal trachea. Less consistently, epicardial petechiae and ecchymoses ( Fig. 1B) , locally extensive-todiffuse necrotizing pancreatitis (Fig. 1C) , and multifocal-tolocally extensive splenic hemorrhage and necrosis ( Fig. 1D ) were observed.
Microscopic changes were variable, with none-to-many lesions observed in each bird; no individual bird had all of the following described lesions. Mild multifocal lymphohistiocytic meningoencephalitis, with perivascular cuffing and mild gliosis, as well as rare degenerate neurons in the immediately adjacent neuropil were observed ( Fig. 2A ). There were a few foci of myocardial necrosis or lymphohistiocytic and necrotizing myocarditis ( Fig. 2B ). Also noted were multifocal-to-locally extensive necrotizing pancreatitis ( Fig. 2C ) and splenitis ( Fig. 2D ), perivasculitis and edema in the comb ( Fig. 2E ), necrotizing bronchitis, and lymphohistiocytic interstitial pneumonia ( Fig. 2F ) and sparse accumulations of lymphocytes in the tracheal propria-submucosa. These histologic lesions are similar to those described in chickens experimentally inoculated with a H5N2 HPAIV isolated from commercial poultry in central Mexico. 13 Neurotropism and epitheliotropism as seen in these cases has been documented in different species of birds infected with HPAIV under experimental conditions. 9 Tubular necrosis and interstitial nephritis, which has been described in birds infected with HPAIV, were not observed in the tissue sections evaluated from these cases. 13 The extent of renal lesions in cases of HPAIV can vary from absent 1 to severe 7 and may vary according to the stage of disease.
Based on clinical signs, gross anatomic lesions, and history of an ongoing outbreak of HPAI in Iowa, oropharyngeal and trachea swabs a were collected individually and placed in a tube containing 5 mL of brain-heart infusion broth b for influenza PCR testing. Testing at ISU-VDL and USDA National Veterinary Services Laboratories (Ames, Iowa) for AIV confirmed the presence of H5N2 Influenza A virus nucleic acid in all samples. Targeted sequencing in the HA gene predicted the presence of multiple basic amino acids located at the cleavage site, confirming the virus as a HPAIV strain. Cloacal swabs a were collected and tested for avian paramyxovirus 1 by USDA-approved real-time reverse transcription PCR. The sample was negative, ruling out Newcastle disease virus, the primary differential. Sections of spleen, liver, intestine, and lungs were collected and submitted for bacterial culture. Culture revealed a few colonies of Escherichia coli in the intestine and liver, likely fecal contamination.
On confirmation of AIV, comb, brain, lung, heart, spleen, kidney, liver, pancreas, and small and large intestines collected from these cases were further examined by immunohistochemistry for Influenza A virus nucleoprotein c (established ISU-VDL protocol; American Association of Veterinary Laboratory Diagnosticians-accredited laboratory) to characterize the distribution of viral antigen. Viral antigen was most consistently observed in ependymal cells in the brain (Fig. 3A) and in cardiac myocytes (Fig. 3B) . Antigen detected in spleen, liver, and lung was less consistent but prominent when present. Kupffer and endothelial cells were positive in the liver (Fig. 3C) , and large numbers of positive cells, presumably macrophages, were observed in necrotic foci in the spleen (Fig. 3D ). Fewer endothelial cells in the comb (Fig. 3E ) and epithelial cells in terminal bronchi (Fig. 3F ) contained viral antigen. These findings are similar to previous reports. 10, 13 Immunostaining was also present in a single section of lung, in macrophages in air capillary walls, and in pancreas in a few necrotic acinar cells. These findings are similar to previous reports. 10, 13 Viral antigen was also detected in the endothelial cells of large arteries in the liver and lung. This was only detected when there was abundant immunolabeling of Kupffer cells or macrophages in air capillary wall. Mesothelial cells lining the epicardium and epicardial fat contained abundant viral antigen in 1 section. Unlike previous reports, antigen was not detected in the kidney. 13 Further molecular characterization of H5N2 HPAIV iden- 4 respectively. As illustrated in Figure 4A , the HA gene segment of both viruses are closely related to Asian-origin HPAIV H5 clade 2.3.4.4 11 reported in both Asia and North America. Although the 2 viruses shared 99.9% identity with each other in their HA gene segments, the BLAST search revealed that the HA gene segment of the 2 viruses shared 99.4-99.5% and 99.9-100% nucleotide identity with the U.S. H5N2 index case and the Iowa layer H5N2 index case (Oceola County, Iowa) respectively, suggesting that the virus may have been introduced to the 2 index farms by area spreading through an unidentified mechanism or source. The NA gene segment of both Iowa HPAIVs was close to that of North American lineage H5N2 (Fig. 4B ), which has been identified in migratory water fowl over U.S. flyways and showed 100% nucleotide identity with that of the Iowa layer H5N2 index case. In addition to the NA gene segment, the polymerase PA gene segment, polymerase PB2 gene segment, and matrix protein gene segment also showed 100% nucleotide identity with those of the Iowa layer H5N2 index case.
